This paper explores practical linkages among external integration, supply chain risk reduction, and performance outcomes. Based on a survey questionnaire with 96 participants from industrial context of Brazil, we analyzed the total sample and we used the Wilcoxon-Mann-Whitney Test to comparing two sets of companies, that is, large companies (annual sales > US$ 5 millions), and non-large companies (annual sales US$ 1-5 millions). The findings indicate that companies with satisfactory levels of external integration have related lower supply chain risks. Our results also show that a higher level of external integration and risk reduction may lead to improved firm performance. Besides, we found that levels higher of external integration, risk reduction, and firm performance are perceived in large companies more than non-large companies. Finally, an important contribution of this paper lies in new avenues opened to research regarding benefits from supply chain integration on supply chain risks.
INTRODUCTION
Over the last decades Supply Chain Management has been an essential element in the competitiveness of companies worldwide (Thun, 2010) . Supply chain management aims to minimize costs while satisfying the requirements of service level (Rayeni and Saljooghi, 2012) . However, the literature supports that supply chains are naturally affected by risks (Jüttner et al., 2003; Peck, 2006) threatening their performance (Ritchie and Brindley, 2007) . Whereas the influence of supply chain integration on firm-performance has been studied widely (Frohlich and Westbrook, 2001; Green Jr. et al., 2008; Flynn et al., 2010; Swink et al., 2007; Zhao et al., 2011) , the relationship between this theme and supply chain risk have not been exhaustively explored (Manuj and Mentzer, 2008) .
From this perspective, is important to note that given the complexity and interdependence of various companies, in which the parameters of one organization may be affected by decisions made by other organizations, risks are rapidly evolving several companies (Masama et al., 2012) and it is an ever-present element in supply chains (Zsidisin, 2003; Peck, 2005; Wagner and Bode, 2006; Tang, 2006; Wagner and Bode, 2007; Rao and Goldsby, 2009) . In this context it is observed that studies addressing the identification and mitigation of possible disturbances (Chopra and Sodhi, 2004; Finch, 2004) , minimization of uncertainties (Jüttner et al., 2003; Peck, 2005) or interruptions (Wagner and Bode, 2006) has assumed a new degree of relevance in supply chain management (Peck, 2005) . Despite the increasing research interests in supply chain risk (SCR) its relationship to other themes, or *Corresponding author. E-mail: rn.tomas@uol.com.br. 
Construct
Definition Supporting literature External Integration A set of practices focused on integration with its key supply chain members (customers and suppliers) in order to fulfill end customer requirements. Stank et al. (2001) , Wong Lee et al. (2007) , Quesada et al. (2008) , Zhao et al. (2011) .
Supply Chain Risk
The potential occurrence of anything that may disrupt or impede the information, material or product flows from original suppliers to the ultimate user, affecting the performance. Jüttner et al. (2003) , Zsidisin (2003) , Peck (2006) , Ritchie and Brindley (2007) Market Share Performance (MP)
The organization"s ability to increase sales and expand market share as compared to its competition Droge et al. (2004 ), Green Jr. et al. (2008 Operational Performance (OP)
The efficiency and effectiveness of internal areas of a firm. Stock et al.(2000) , Zacharia et al. (2011 ), Deravaj et al. (2007 Financial Performance (FP)
The organization"s profitability and return on investment as compared to its competition. Droge et al. (2004 ), Green Jr. et al. (2008 ), Lanier Jr. et al. (2010 , Wagner et al. (2012) explorations of linkages between SCR and other strategies, are still very limited (Manuj and Mentzer, 2008) . Scholars have demonstrated the importance of researches on supply chain risk in Brazil (Rosales et al. 2012 ), a center and very important player in many global agribusiness supply chains. As discussed by Rosales et al. (2012) studies addressing risk reduction are widely adopted by companies in developed countries, and may also be of high importance to firms in developing countries. Increasingly, most studies on supply chain risk have been performed in the context of developed economies. Thus, there are two main objectives for this research. First, we explore if levels high of supply chain risk reduction and performance outcomes are perceived in an industrial environment with satisfactory levels of external integration. Second, we determine if levels higher of external integration, supply chain risk reduction, and firm performance are perceived in largest companies more than non-large companies, in order to analyze similarities or differences in these two sets of companies.
The contributions to the literature include increased understanding of factors that influence the risk reduction and firm performance from external integration, as well as a comparison of two sets of companies, that is, large companies and non-large companies. This type of comparison is critical because the underlying assumption in supply chain management research is that the size of firms may influence levels of integration, whereas large firms tend to have more resources to integration activities in the supply chain. Therefore, this underlying assumption has not been readily tested (Zhao et al., 2011) .
While previous studies have often examined supply chain risk, these studies have generally examined only customers" perspectives or only suppliers" perspectives; this research expands on such previous research by comparing both ""sides"" of the equation. Our research isto the best of our knowledge -the first paper analyzing this issue in the industrial context of Brazil.
In the following section, we briefly review the literature in external integration, supply chain risk, and firm performance to provide a theoretical foundation and rationale for our research. Next, the research metho-dology is described followed by research results. Finally, main conclusions are drawn, together with limitations of this study and suggestions for future research.
THEORETICAL BACKGROUND
In this paper, we have carefully defined each construct in terms of essential characteristics from the relevant literature base. The definition for each construct and the supporting literature is summarized in Table 1 .
External integration in the scope of this study
External integration in the supply chain perspective involves the processes of collaboration with suppliers and customers to achieve mutually acceptable results (Pagell and Krause, 2004) . Linkage with suppliers and with customers helps to reduce lead-time which undoubtedly reduce the adverse effects (e.g. bullwhip effects) and contribute to enhanced firm-performance (Won Lee et al., 2007) . Quesada et al. (2008) highlight the importance of supplier integration as a competitive competence, meriting management consideration and resources. Tan et al. (1998) suggest that when companies are integrated and act as a single entity, performance is shared throughout the chain. Similarly, collaborations and combined experience of both parties can help reduce errors, defects or flaws in routine, which leads to improved operational performance (Zacharia et al., 2011) . Customer integration refers to greater collaboration and information sharing activities with key customers, providing the firm with strategic insights into market expectations and business opportunities, and enabling a more efficient and effective response to the end customer (Shoenherr and Swink, 2012) . Germain et al. (2008) argue that customer integration reduces unpredictable demand and leads to better financial performance.
Effects of supplier and customer integration on supply chain risk reduction
The issue of supply chain risk has received recent attention from scholars from around the world. According to Jüttner et al. (2003:127) Effective external integration with suppliers may enable organizations to reduce supply-side risks (Tang, 2006; Swink et al., 2007; Lin and Zhou, 2011) . According to Lin and Zhou (2011) many companies are opting to develop strategic partnerships with their suppliers in order to minimize a certain amount of risk inherent in the supply. Tang (2006) indicates that the development of coordination mechanisms and integration offers increase in efficiency in the supply of materials along the chains. It is understood that integration efforts place external supply chain partners in a better position to understand and anticipate the needs of the next link, reducing uncertainties (Swink et al., 2007) and allowing the best capabilities to positively impact firm-performance (Shoenherr and Swink, 2012) .
Effective external integration with customers may enable organizations to reduce demand-side risks, and to minimize potential occurrences of anything that may affect the focal firm ability to meet the requirements of customers and end-users (Wagner and Bode, 2007; Manuj and Mentzer, 2008) . Through integration with customers, companies can better understand customer needs and respond more quickly to them. Integration with consumers contributes to demand planning, greater visibility in sharing information, and a consequent Robson and Rosane 3137 increase in the level of service (Boon-Itt and Wong, 2011).
Effects of supply chain risk reduction on performance outcomes
According to Hallikas and Varis (2009: 45) "the capacity to anticipate future development from the weak signals in the particular industry may result in better performance." More important, in the modern management decision context, it is accepted that risk and performance are directly and positively related (Ritchie and Brindley, 2007) . Risk management enables identification and control of operational risks for maintenance or improvement of operational performance (Dani, 2009 ). Melnyk et al. (2009) highlight some risks which affect performance that can be grouped into three sets, namely, financial (e.g. inventory levels, costs, penalty clauses and others), market share (e. g. lost sales), and operational (lead time, quality, flexibility, fill rates). Increasingly, performance in an industrial context lends itself to an almost infinite variety of definitions, many of which relate to specific issues or a single perspective (Ritchie and Brindley, 2007) . However, in this study we adopt the perspective from Anthony (1965) which divides performance constructs into two elementary components, namely, efficiency and effectiveness. According to Campos-Garcia et al. (2012: 11819) "efficiency is the achievement of an objective, utilizing a minimum amount of resources." Thus, we consider market performance, operational performance, and financial performance as appropriate measures for the observation of efficiency and effectiveness in firm-performance. In line with Green Jr. et al. (2008) in this research we used sales and market share growth as the market performance measures. We used indicators such as perfect order, defect rates, rework rates and inventory levels as operational performance measures (Nyaga et al., 2010) . Following Lanier Jr. et al. (2010) we used return on investment (ROI), net profit, and return on sales (ROS) as financial performance measures.
Research gap
There are evidences that supplier and customer integration positively impacts supply and demand risk and contributes to better business performance. Support for this interpretation can also be found in the broad literature on supply chain management which indicates supply chain integration practices can act as attenuators of supply and demand risk (Tang, 2006; Swink et al., 2007; Manuj and Mentzer, 2008; Lin and Zhou, 2011) . However, several researchers highlight that this research field is not clearly verified in the literature, and those that are verified in many cases contain conflicting arguments. It is the interest of this paper to fill that existing gap.
METHODOLOGY Sample and data collection
To examine two main objectives of this research, we conducted a nationwide survey with agribusiness industries in Brazil. Questionnaires were sent out to supply management professionals of the 50 largest companies (in sales for the year 2011) of the Brazilian agribusiness. The list of firms was derived the ranking Melhores e Maiores from Exame, year 2011 (www.exame.abril. com.br). This business periodical is an annual publication that presents the largest companies in Brazil, including agribusiness industries. For each of the 50 largest companies, we selected an average of 10 business units to receive the questionnaires. The total sample is 500 business units. We decided to direct the survey to directors or managers of the supply chain, purchasing, logistics or other leaders in the firm who have clarity and visibility of supply chains, logistics, purchasing and operations. For data collection, we used a two-stage process. After a literature review and based on construct definitions, seven individuals (three professors in operations and supply chain management, two industry experts, and two Ph.D. candidates in operations management) were selected as participants in a pretest. The respondents were asked to provide feedback about question clarity and consistency with construct definitions. By incorporating their feedback, measurement items were modified, discarded or added to strengthen the constructs and content validity.
The data collection was realized between June and July 2012. For data collection we sent a letter in which the respondents were directed to respond to the survey in three ways: (1) by selecting the link that would take them to the online questionnaire, (2) by e-mail in PDF format or (3) by mail giving back a physical copy of questionnaire. The survey instrument consists of four parts. In the first part, we asked for information about the function of respondent and their company. In the second part, these respondents were asked about degree of integration internal and external of their company. Next, they indicated the levels of supply chain risk reduction. Finally, the participants described the degree of firm performance, compared with five years ago.
Of 500 surveys sent out, 98 surveys were returned 96 were complete and useable responses. The response rate was 19.2 percent (96/500). This response rate compares closely to that reported in recent supply management papers. We attempted to minimize nonresponse bias through the use of introductory letters and assurance of confidentiality. All respondents were offered a report of main results as an incentive to complete and return the questionnaire. We tested for nonresponse bias by first comparing company demographics of the responding firms to those of the nonresponding companies. Then, we compared responses for the early and late respondents (Armstrong and Overton, 1977) . The tests suggest that nonresponse bias is not present. Table 2 summarizes characteristics of respondents and companies.
Measurement item development
We adapted existing scales to measure our constructs. Supply chain integration was assessed using items adapted from (Droge et al., 2004; Devaraj et al., 2007; Flynn et al., 2010; Shoenherr and Swink, 2012) . Risk reduction was measured using a new scale developed for this study. While no existing measurement was available, the steps suggested by Grawe et al. (2009) provided the basis for this item generation. The measurement items of risk reduction were operationalized by five sets of attributes: (1) reprogramming of production or disruptions of planning (Tang and Tomlin, 2009 ); (2) demand fluctuations due to sales promotions, order batching, and price (Wagner and Bode, 2009); (3) insufficient or distorted information from customers about orders and disruptions in the physical distribution of products (Wagner and Bode, 2009 ); (4) capacity constraints and threat of financial instability of suppliers (Zsidisin, 2003) , and (5) supplier quality problems and poor information sharing (Wagner and Bode, 2009 ). Market, operational, and financial performance was measured using items adapted from (Droge et al., 2004; Devaraj et al., 2007; Nyaga et al., 2010; Lanier Jr. et al., 2010) .
Measurement model
First of all, the constructs were submitted to the Cronbach's Alpha coefficient (using the AMOS 18.0) to check whether these constructs are consistent (that is construct validity) aiming fulfill conditions of analysis. The Cronbach's Alpha should be the first measure to be calculated to assess the quality of the instrument as it is the basic statistics to determine the reliability of a measure based on internal consistency (Churchil, 1999) . With conditions of Cronbach's Alpha satisfied, we calculate means and standard deviations of each issue.
The Wilcoxon-Mann-Whitney Test is a nonparametric test that compares two independent groups. This test has two important assumptions. First the two samples under consideration are random, and are independent of each other, as are the observations within each sample. Second the observations are numeric or ordinal, that is, arranged in ranks (Marôco, 2011) . Table 3 shows measurement items and descriptive statistics.
Comparing two independent samples, the Wilcoxon MannWhitney test does not assume that the difference between the samples is normally distributed whereas its parametric counterpart, the two sample t-test does (Fay and Proschan, 2010) .
DISCUSSION AND IMPLICATIONS
As mentioned earlier, the literature supports that supply chains are naturally affected by risks, which threaten their performance. In this sense, studies addressing the identification and mitigation of possible disturbances, minimization of uncertainties or interruptions have assumed a new degree of relevance in supply chain management context. From this scenario, our study revealed the importance of external integration practices to mitigate supply chain risk and lead to improved performance outcomes (Figure 1 ).
In the past decade (2001 to 2010), the Brazilian agribusiness accounted for 25% of Gross Domestic Product (GDP) of Brazil. Actually, Brazilian agribusiness is currently employing approximately 38% of the labor force in Brazil. In 2010, the GDP of the sector reached US$ 421.1 billion, which represented 22.3% of Brazilian GDP. From an economic standpoint, this sector is distinguished from the others due to the high number of companies formally established, the production capacity, the potential to generate trade surpluses from exports and generation of new jobs. The Brazilian agribusiness industries are considered -along with the automotive industry -the starting point of external integration practices in Brazil. Besides, the Brazilian agribusiness industries are also facing other challenges, such as company mergers, changes in consumers" preferences and requirements for increased efficiency and low prices, which create pressures for the supply chain as a whole. We may thus conclude that risk reduction should be a highly prioritized managerial issue to Brazilian agribusiness industries. The results as shown in Tables 4 and 5 which indicate that the purpose of this research was supported broadly.
In this study all constructs (Table 4) showed good internal consistency with Cronbach"s coefficient (above 0.70, as suggested by Hair Jr. et al. (2010)). The findings indicate that companies with satisfactory levels of external integration have related lower supply chain risk. Our results are supported by the literature showing that suppliers and customers integration has a beneficial effect on risk reduction. Our results also indicate that a higher level of external integration and risk reduction may lead to improved performance outcomes. Both relationships are found to be statistically significant (p < 0.01 showed in Table 5 ), which supports the idea that external integration and risk reduction contribute to better performance outcomes. This is an important finding, it adds to the literature by empirically testing the relationship between external integration and supply chain risk reduction. In including both supplier and customer integration and their interactions with risks, and incorporating market, financial and operational performance, this study adds greater comprehensiveness and richness to the supply chain risk literature, and enhances our understanding of the impact of external integration on both supply chain risk reduction and firm performance.
In today"s competitive environment companies need to cooperate closely with their suppliers and customers to meet various challenges, and respond to an environment full of uncertainties (Zhao et al., 2011) . In this regard, our research provides significant implications for agribusiness industries in Brazil, as well as for different industries, by indirectly linking external integration to business performance through risk reduction.
According to the response profile in Table 5 , we found that levels higher of external integration, risk reduction, and firm performance are perceived in largest companies more than non-large companies. Our findings show that non-large companies not are engaged in external integration such which large companies. In this sense, the samples of the tests showed a p value lower than 0.001 which means that the results could be viewed as highly significant (Hu and Bentler, 1999) . In terms of risk reduction our findings allow to state that levels higher also are perceived in large companies more than nonlarge industries (10.9 and 4.2 respectively).
Another very interesting finding is the level higher of market, financial and operational performances are perceived in large companies more than non-large industries. The results of the tests were significant for the path with a performance variation that favored the large Notes: a Standard Deviation; b Items were measured using a seven-point Likert-type scale, where 1 = strongly disagree and 7 = strongly agree. c items were measure using a five-point scale, where 1 = worse, 2 = stayed about the same, 3 = improved 10 to 30%, 4 = improved 30 to 50%, 5 = improved more than 50%, if compared with five years ago. Notes: **< 0.01; ***< 0.001. a Acceptable values: equal or less than 5.0 (Hair Jr. et al., 2010) . companies group (p value < 0.01) (Hu and Bentler, 1999) . To the best of our knowledge, this is pioneering information. Previous research has related that risk reduction and performance are directly and positively related (Ritchie and Brindley, 2007) . However, in terms of what performance types are benefited by risk reduction, none have addressed this link in the Brazilian industrial context. Future longitudinal studies could be conducted to better investigate this issue. Therefore, our research reinforces the importance of external integration in widely improving supply chain risks. This is an important finding, since much of the extant literature on relationship the between external integration and risk reduction does not include widely this perspective.
Conclusions and limitations
Using a nationwide survey with Brazilians agri-industrial companies, we show that: a) supply chain risk reduction and better performance outcomes are perceived in companies with satisfactory levels of external integration, and; b) levels higher of external integration, supply chain risk reduction, and firm-level performance are perceived in largest companies more than non-large companies.
Other important contribution of this research lies with the embedding of these concepts in analyze from the perspective of a developing economy. Seen in this light it is noteworthy that such findings may contribute to the understanding of risk reduction outcomes in companies from other developing countries. While this study extends the supply chain risk literature, there are also some limitations along with more opportunities for future research. First, our findings are based on single respondent data. Even though the respondents were prequalified and had direct experience with supply chain management, the same individual provided information on all measures of constructs, which could potentially bias the results. Second, because the data were only collected from agribusiness industries, future studies can broaden their scope by collecting data from several supply chains, including suppliers, manufacturers, and customers. Third, although this research provided some interesting findings about this complex relationship in Brazil, it is not clear whether these relationships will be the same in other countries. Future research should examine differences in this relationship in others countries, in particular, in developed versus developing economies.
